INTRODUCTION
Gillnets are used both in subsistence and commercial freshwater and saltwater fisheries worldwide as well as in fish population surveys to obtain data on age and size structure and relative fish abundance (Degerman et al. 1988; Appelberg et al. 1995; Hovgård & Larssen 2000) . The size-related relative catchability of a given fish species is frequently computed by assuming that all gillnet mesh sizes capture the same fraction of the fish present at their respective maximum modal lengths (McCombie & Fry 1960; Regier & Robson 1966; Ricker 1975 , Kurkilahti et al. 1998 , and references therein). Using this assumption, a fleet of gillnets may be constructed which theoretically give equal catchability for all fish within a given length interval (Regier & Robson 1966; Jensen 1977; Hamley 1980) . However, such assumed ideal gillnet fleets seldom exist because absolute catchability may vary considerably with fish size and mesh size, as well as between species (Hamley & Regier 1973; Hamley 1975; 1980; Borgstrøm 1989; Jensen 1995) . Extensive summaries of factors producing bias in gillnet sampling are presented by e.g. Hamley (1975; 1980) . Analysis of population structure and annual growth and survival rates are often based on age and length composition in experimental gillnet catches (Jensen 1977) . However, where knowledge of the absolute catchabilities is limited, obtained catch data may give restricted information regarding relative and absolute abundance of age-and length-classes in population gillnets. The gillnets were set in the evening and lifted the next morning after c. 12 hrs. All gillnets were made of light grey monofilament thread and had a hanging coefficient of 0.5, twine diameter 0.20 mm and one mesh size per net. The littoral nets were 25 m in length and 1.5 m in height and with mesh sizes 10, 12, 16.5, 19.5, 22.5, 26, 29, 35, 39, and 45 mm (bar mesh) . Each net was set from nearby land, facing outwards and approximately perpendicular to the shore. The pelagic gillnets consisted of mesh sizes 16.5, 19.5, 22.5, 26, 29 , and 35 mm and were 25 m in length and 6 m in height. Each pelagic setting consisted of three nets with different mesh sizes tied together in a gang. The mesh size composition in these gangs was changed from night to night. In Table 1 , the total effort in gillnet nights is given for each mesh size and gillnet type. To obtain a random catch and control for marks in the littoral area, the lake shore line was divided into seven sections and the littoral gillnets were set in random order within each section (mesh size setting order was decided by lottery every day) (Figure 1b) . Correspondingly, the pelagic gillnet gangs were set from the surface in the open water over depths c. >10 m and covering the different parts of the pelagic area ( Figure 1b ). The gillnet locations in both littoral and pelagic areas were used twice, giving a total effort of 242 gillnet nights (gillnet area 8925 m 2 ) in the littoral area (c. 0.21 km 2 inside the 10 m depth contour), and 84 gillnet nights (gillnet area 12600 m 2 ) in the pelagic area (c. 0.28 km 2 outside the 10 m depth contour) ( Table 1) . As the total gillnet effort used in the littoral and pelagic area are nearly proportional to the areas of the two habitats, the condition for random sampling is fulfilled (Ricker 1975) . All gillnetted fish (n=1454) were controlled for marks, had their total length measured to nearest millimeter, and had their otoliths sampled for age determination. In the laboratory, the otoliths from a random sample from each cm-class (548 trout) were cut in half through the centre and each half was burnt separately before age determination was performed under a stereomicroscope (Christensen 1964; Borgstrøm et al. 2010) .
The number of trout in the length-classes (Lj) 8.0 -9.9 cm, 10. 0 -11.9 cm, 12.0 -13.9 cm, 14.0 -15.9 cm, 16.0 -17.9 cm, 18.0 -19.9 cm, 20.0 -21.9 cm, and 22.0 -23.9 cm were estimated according to the Petersen method with Chapman's version, i.e., N = (M + 1)(C + 1)/(R + 1) (Ricker 1975) , where: N = estimated number of fish in Lj M = number of marked fish in Lj C = number of gillnetted fish in Lj controlled for marks R = number of recaptures in Lj
Approximate confidence limits of the estimates were obtained by using R as the entering variable in a Poisson frequency distribution, presented in Appendix II in Ricker (1975) .
Direct estimation of numbers in length-class 24.0 -25.9 cm was not possible due to the low number of marked individuals in (O'Grady 1981) . Nevertheless, the recommended composition of gillnet fleets has been based on the hypothesis that maximum catchability is constant, irrespective of mesh size (Jensen 1977; Jensen 1990; Kurkilahti & Rask 1996 , Kurkilahti et al. 1998 , and references therein). Alternatively, absolute catchability estimates have been obtained by sampling populations where abundance and length structure are 'known' from previous mark-recapture studies (e.g., Hamley & Regier 1973; Borgstrøm 1989; Borgstrøm & Plahte 1992) and from fishing stocked fish (O'Grady 1981; Jensen 1995; Jensen & Hesthagen 1996) . Borgstrøm & Plahte (1992) estimated the gillnet selectivity of brown trout (Salmo trutta) by a mark-recapture experiment carried out on individuals in a dense population. In the present study, a similar experiment was repeated in the same lake. However, we also included smaller mesh sizes in the gillnet fleet to study both the size-related variation in habitat use and the catchability of brown trout over a broader length interval. We expected large variation in catchability, dependent on fish size and capture site due to a size-related variation in swimming activity and habitat use.
MATERIAL AND METHODS
Population estimation by a mark-recapture experiment in combination with a study of gillnet catchability was performed in Lake Løyningsvatn (hereafter called Løyningsvatn), situated 595 m a. s. l. in Western Norway (59 o 55'N, 6 o 40'E) (Borgstrøm 1994) . The lake is oligotrophic with Secchi disc transparency between 10 and 14 m during summer. It has a surface area of 0.49 km 2 , maximum depth of c. 45 m and mean depth of c. 14.7 m (Borgstrøm 1994) . Ice break-up is usually at the end of May. Brown trout is the only fish species in the lake.
The number of brown trout in the lake was estimated by a mark-recapture experiment. Between 24 and 29 June 2000, individuals were captured using a beach seine and electrofishing, and subsequently marked. The beach seine was 50 m in length, 4 m in height and with mesh size 3 mm at the cod end. Seining was carried out at all possible shore sections with suitable bottom substrate ( Figure 1a ). In the innermost part of the littoral zone, along roughly the same sections, sampling by electrofishing was performed by a pulsed DC backpacker produced by engineer Paulsen, Trondheim. After capture, all fish were anesthetized with Nyco fruitsalt (containing NaHCO3), total length was measured to the nearest millimeter, and after marking by removal of the adipose fin the fish were kept in a water tank for observation until recovery. All fish recovered a few minutes after the treatment and were released at the capture site. Since fishing in the lake is open for the public, we did not want to use chemicals other than fruitsalt for anesthetization. A total of 1413 brown trout were captured; 1132 by beach seine and 81 by electrofishing ( Figure 2a ).
The recapture of marked fish in the population was carried out between 1 and 14 July using fleets of littoral and pelagic Table 1 . Number of gillnet nights and total catch by each mesh size of littoral and pelagic gillnets used during the mark-recapture experiment in Lake Løyningsvatn 1 -14 July 2000. Asterisk (*) indicates gillnets that had been used 18 -22 June.
this length-class (n = 15), the low number of individuals caught in gillnets (n = 8) and lack of recaptures. Accordingly, the number of fish in this length-class was estimated by assuming equal beach seine catchability of fish in this length-class and length-class 22.0 -23.9 cm. Since the experiment lasted for only a few weeks and there was very little fishing activity in the lake except for our experiment, it is assumed that mortality as well as growth in length did not change the population structure between marking and recapture. The catchability of brown trout was estimated according to Lagler (1968) as qij = Cij/fi * Nj , with q ij = catchability of length-class j, in mesh size i fi = total effort with mesh size i Cij = number of fish in length-class j captured by mesh size i N j = estimated total number of fish in length-class j in the population
As described by Ricker (1975) , simple catch curves for estimation of instantaneous mortality rate (Z) and annual survival rate (S) were obtained by plotting the logarithms of numbers of successive age-classes ≥ 6 winters captured per ten gillnet fleets, with each fleet consisting of both littoral and pelagic gillnets with the mesh sizes 10, 12, 16.5. 19.5, and 22.5 mm. Linear regressions were then used to compute Z (equal to the regression coefficient), and the annual survival rate estimated by S = e -Z .
RESULTS

Population abundance and length distribution
According to the beach seine and gillnets catches, the population is characterized by fish with length < 26 cm (Figure 2ab ). In the pelagic gillnets, 259 fish were captured, of which the largest was 25.6 cm. In the littoral gillnets, 1197 fish were captured and all but two were ≤ 25.9 cm in length (Figure 2b ). The two fish > 25.9 cm were 32.0 cm and 35.7 cm in length, and the smallest was a cannibal having eaten two brown trout with total length 7 cm and 8 cm.
The population estimate for brown trout in the length-class 8.0 -23.9 cm was 14304 individuals (Table 2) . Length-classes 18.0 -19.9 cm and 20.0 -21.9 cm were the most numerous, both having estimates of >2500 individuals. The number of individuals in length-class 24.0 -25.9 cm was estimated to be 170 (basic data in Table 2 ). The population estimate for fish in length-class 8.0 -25.9 cm was 14474 or 295 ha -1 .
DISCUSSION
The decrease in littoral gillnet catchability with increasing fish length and mesh size, and the simultaneous increase in catchability in pelagic gillnets most probably indicate a change in habitat use with fish size. Small fish appear to mainly occupy the littoral zone and use the pelagic habitat more frequently as they become larger. Such habitat shifts related to fish size are commonly observed in allopatric brown trout populations (Haraldstad & Jonsson 1983; Jonsson 1989; Schei & Jonsson 1989) , as well as in a wide variety of other fish species (Werner et al. 1983; Garcia-Berthou 2001; Klemetsen et al. 2003) . In addition, fish size may also affect the catchability directly since there may be a positive relationship between swimming performance per time unit and fish size (Rudstam et al. 1984) . Changes in catchability related to fish size as recorded in the present study have been reported for other fish species (Hamley & Regier 1973; Hamley 1975; 1980; Borgstrøm 1989 ), as well as in studies with brown trout as target species (O'Grady 1981; Borgstrøm & Plahte 1992; Jensen 1995) .
The precision in all mark-recapture experiments depends on random sampling, and the application of the Petersen method is justified only when a number of conditions for random sampling are met, as listed in Ricker (1975) . In our experiment, the marked fish were not randomly mixed with the unmarked since sampling for marking was only performed in the littoral zone and few recoveries of marked fish were obtained using pelagic gillnets. However, the recapture occurred in both the littoral and the pelagic areas of the lake, with a near proportional fishing effort in both habitats, making all marked fish as vulnerable
Length at age
The 2-winter old individuals had a mean empiric length of 9.7 ± SD 0.7 cm. The empiric length stagnates from about age 7 with age-class 7 having a mean length of 21.3 ± SD 1.2 cm, and ageclass 14 having a mean length of 23.6 ± SD 1.8 cm (Figure 3) . The mean annual length increment from age 7 to age 14 is only 0.3 cm and there is a large overlap in length between individuals in these age-classes (Figure 3 ).
Catch and catchability per unit effort
Catches in the five mesh sizes from 26 to 45 mm were in length-class 12.2 -25.4 cm apart from one individual that had a body length of 35.7 cm. The low catch (n = 28; Table 1 ) in mesh sizes from 26 mm and larger did not allow for any analysis of catchabilities for these gillnet sizes.
For catches in littoral gillnets, both the number of individuals captured per unit effort (cpue) and catchability had a peak at mesh size 12 mm. At larger mesh sizes, catch and catchability declined with increasing mesh size (Figure 4 ). Mesh size 10 mm had a considerably lower cpue and maximum catchability compared to mesh size 12 mm (Figure 4 ). In total, cpue and catchability showed opposite trends in the gillnets set in the littoral zone compared to gillnets set in the pelagic zone (Figure 4 ). There was no capture by mesh sizes 10 and 12 mm set in the pelagic area 18 -22 June, very low cpue and catchability with 16.5 mm and a substantial increase in cpue and catchability from mesh size 16.5 mm to 22.5 mm ( Figure  4 and Table 1 ). According to the catches per gillnet area, the abundance of brown trout was considerably higher in the littoral area than in the pelagic area (Table 1) . Only one fish per gill net night (0.7 fish per 100 m 2 gillnet area) were captured by mesh size 16.5 mm in pelagic nets compared to 10 fish per gillnet night (26.6 fish per 100 m 2 gillnet area) captured by the same mesh size used in the littoral area. In pelagic gillnets with mesh sizes 19.5 mm and 22.5 mm, the catches per gillnet night (and gillnet area) were higher, but still much lower compared to catches obtained by littoral gillnets (Table 1 ).
Annual survival rates
When estimated number of fish in age-class 6 to 14 (based on the catch-recapture experiment) is plotted against age, the regression line has a coefficient of Z = -0.322 (instantaneous mortality rate) (Figure 5 ), corresponding to an annual survival rate of S = 0.725. The catch curves of the same age-classes obtained by fishing with the mesh sizes 10, 12, 16.5, 19.5, and 22.5 mm in the littoral and pelagic zones, give regression coefficients Z = -0.179 and Z = -0.140 respectively, corresponding to S = 0.836 and S = 0.870. By combining the catches in littoral and pelagic gillnets, a catch curve with a regression coefficient of Z = -0.318 is obtained, giving S = 0.727, or nearly identical estimates of instantaneous mortality and annual survival rate as those obtained based on the estimated numbers in the population ( Figure 5 ). Fauna norvegica 39: 30-38. 2019 to the fishing gear as the unmarked fish. In addition, the small standard errors of the daily means of both the littoral catches and the pelagic catches may indicate an even distribution of fish during the two weeks of gillnetting. The relatively low number of recaptures within some length-classes, with corresponding wide confidence limits of the estimated abundance resulted in uncertainty of length distribution and estimated numbers for these length classes. This uncertainty might have been better addressed by using the approach described by Woillez et al. (2016) . However, our results are in keeping with the pattern in catchability (retention probability) related to fish size/mesh size as found by Borgstrøm and Plahte (1992) . Their five-year study with mesh sizes ≥ 16.5 mm was carried out in the same lake, and supported the general trend of changes in catchability being related to fish size in this population consisting of small individuals with stunted growth at small length. Swimming performance per time unit is related to fish size (Rudstam et al. 1984) , and thereby highly related to population abundance as observed in some brown trout populations. Jensen (1977) discovered a high stationarity in the brown trout population in the lake Øvre Heimdalsvatn characterized by high fish abundance and small-sized individuals. He estimated that an effort of 15 gillnets per ha was needed to capture 50% of the catchable fish in this population. In contrast, Sømme (1941) estimated that > 90% of catchable brown trout in the lake Langesjøtjønne were caught by an effort of c. 4 gillnets per ha. This population had a low density, consisting of large fish which obviously had a high swimming activity per time unit.
A considerable number of brown trout and other salmonid populations in Norway exhibit the same population characteristics as seen for brown trout in Løyningsvatn, having high recruitment potentials and stagnation in individual growth at short length (Amundsen 1988; Jonsson & Borgstrøm 2000; Klemetsen & Amundsen 2000; Amundsen et al. 2007 ). In such populations, gillnet catches may be restricted mostly to small mesh sizes and fish within a narrow length interval. As shown by our present study, even within the short length interval from approximately 10 to 25 cm, small changes in fish length seem to result in marked differences in catchability, as well as leading to marked changes in habitat use.
In general, both food and habitat use change as fish become larger, and such niche shifts are often interpreted a consequence of changes in metabolic rates and limitation in food resources (Forseth et al. 1999) . Predation risk relative to fish size is probably the main factor influencing at what size the niche shifts will be realised (Werner & Hall 1988; L'Abée-Lund et al. 1993) . In allopatric populations of lentic brown trout, cannibalism seems to be rare in fish < 25 cm (L' Abee-Lund et al. 1992; Borgstrøm et al. 2010) . However, even a low number of potential cannibals may force smaller fish, vulnerable to predation to seek refuges (Werner et al. 1983; Werner & Hall 1988; Svenning & Borgstrøm 2005 , Damsgård & Ugedal 2006 where they stay until reaching a length whereby they are outside the predation risk window (Werner & Hall 1988; L'Abee-Lund et al. 1992; Byström et al. 2003) . Refuges may be found in both shallow and deep water, depending on fish species. Shallow water offers the most complex bottom, often with vegetation or stones providing hiding places for small fish (Werner et al. 1983; Museth et al. 2002; Byström et al. 2004; Svenning & Borgstrøm 2005) . By staying in an inferior habitat regarding food availability, and in addition spending less time in foraging in the presence of predators (Cerri & Fraser 1983; Werner & Hall 1988; L'Abée-Lund et al. 1993; Byström et al. 2004) , the swimming activity per time unit may become low and become limited to a small water volume. The low catchability of small trout compared to larger fish in Løyningsvatn may thus be related to an antipredator behavior, with low swimming activity and dominant use of the shallowest part of the littoral zone. Consequently, the encounter probability of these size-classes towards gillnets set outward from the shore may become low compared to size-classes that also use deeper parts of the littoral zone or open water. Since the fraction of the population occupying the littoral zone versus the pelagic and profundal zone may vary with population density and fish size (Borgstrøm 1992; Sandlund et al. 1992; Klemetsen et al. 2002; Byström et al. 2004) , the gillnet catchability of given size-classes may show variation due both to density and length composition of the fish stock. As our study indicates, habitat use and fish swimming behaviour may substantially affect catchabilities when fishing with passive gears like gillnets. Thus, the length and age frequencies in catches obtained by fishing with gillnet fleets do not reflect the population composition. This conclusion is probably valid irrespective of whether multimesh gillnets of the Nordic type (Appelberg et al. 1995) are used or single mesh gillnets as used in the present study.
The relative number of fish in each age-class captured by gillnet fleets are commonly used in construction of catch curves for estimation of annual survival (Ricker 1975 ). However, due to the high variation in catchability between age-classes, such catch curves may give biased annual survival rates with consequences for fishery management actions and fishery advice. In some countries (e.g., Norway), gillnet fleets used separately in the littoral zone or fleets used both in the littoral and/or pelagic areas have frequently been operated in so-called test fishing (see Jensen 1972; 1977; Qvenild & Skurdal 1981) . When no information regarding absolute catchabilities is available and equal maximum catchability or selectivity are assumed irrespective of mesh size and sampling location in the lake, the estimated length-and age-class distribution obtained by such sampling becomes biased, as indicated in the present study. However, in our study the difference in estimated annual survival based on the age composition in the combined catches from the littoral and pelagic area and the estimated age composition in the population was practically identical. This was due to the large overlap in length distribution between ageclasses ≥ six years, leading to small differences in catchabilities, irrespective age. In populations with a much wider length-class distribution, and thereby with large differences in catchabilities between length-and age-classes (Hamley 1980 , and references therein), the bias in estimated survival rates based on ageclass composition in gillnet catches may be substantial. Since analyses of survival rates obtained by catches from gillnet fleets are commonly used as a basis for fishery management, these analyses may be improved by use of additional information such as age-specific annual growth and age-class numbers.
In conclusion, brown trout catchability varies considerably both with fish size, age, and habitat type, most probably due to a combination of a size-related use of the different lentic habitats and a size-related variation in swimming distance per time unit, influencing the probability of encountering the gillnets. To reduce sampling bias in experimental gillnet fishing, the gillnet fleet should be operated in all lentic habitats, and most fundamentally, catchability data obtained by fishing on populations with 'known' length and age structures might be a valuable supplement in catch analyses, in combination with other population parameters such as age-length data for use in fishery management.
